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'ABSTRACT 

Eazard Analyses are presented for each subsystem of the 
Shut t le  Orbiter OV-102 configuration, and includer 
subsystem descriptions, sa fe ty  features and hazard analysin 
printout tabs. This report, "Shuttle Orbiter OV-102 CDR 
Safety Analysis Report,= is prepared per IED SR-04ST is 
support of OV-102 CDR, updated to April 29, 1977, and consists 
sf C,?e fcllowing volumes: 

SD77-SH-0001-001, Volume I Management Summary ' 

S~??-S~-00@1-0@2, volume If Structural Systems 
SD77-SH-0001-003, Volume 111 Mechanical System 
SD77-SH-0001-004, Volume IV Propulsion Systems 

- SD77-SH-0001-005, Volume V Power Systems 
SD77-SH-0001-006, Volume V I  Avionics 
SD77-SH-0001-007, Volume VI1 Environment Control 

SD77-SB-0001-008, Volume VI11 Crew Station C 
& Life support 
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INTRODUCTICH 

This Safety Analysis Report (SARI supports the OV-102 CDR. 
shut t le  Orbiter program series include: 

Related S A R I S  hi the 

S074-SH-0004 Shuttle Orbiter KO. I XFT SlUt 
SD74-S8-0168 Shuttle Orbiter 101 D e l t a  PDR SAR 
SD74 -SH-0323 Shuttle Orbiter 102 PDR SRR 
SD75-SH-0064 Shuttle System PDR SAR 
SD75-SH-0135 Shuttle Orbiter 101 CDR SAR 
SD76-SI-0038 . Shuttle Orbiter 102 D e l t a  PDR SAR 

HAZARD ~ Y S I S  P n s s  

The Sazard Analysis was performed per Rockwell International-Space Division, 
Reliabil i ty and Safety Desk Instruction 400-1. The hazard analysis process, 
shown i n  Figure 1, involves the evaluation of the Orbiter i n  its mission phases 
by subsystem identified by the System Definition Manual r i r  for hazards In 
the major hazard groups described in the desk instruc'dcil a d  ceded cs listed 
M O W :  

X-diies S/*j -L-,r/ms s hf Per soanal 
c o l l i  sionj2mpact/Zrosioa BE8 
Fire~xplosion/fmplosion cc 
Crash Lznding/Ditchhg EE 
Inss of Flight  Control PP 
o t h e r  (Not Defined) xx  

AA 

-Loss efjciisafe EzvL=c.nment DD 

. o p n  (In-Work) 
0pp-n (Residual) 

Closed (Eliminated) 
Closed (Controlled) 
Closed (Accepted) 

HAZARD ANALYSIS GRDm 3un;es 

Ground rules used for  the hazard analysis are as followst 

1. B a w d s  axe Identified per the rationale stated i n  Desk Instruction 400-1 
a d  NHB 5300-4 (10-1) , 

2. Hazard analyses are conducted accordhg to D e s k  Instruction 400-1 and "E 
5300.4 (ID-1). 

3. Hazard levels  are as s t a t e d  In NBB 5300-4 (10-1) . 
4. A l l  c r i t i c a l i t y  1 FMEA'S are analyzed for  hazaido. 

5. A l l  other FMEA's a r t  reviewed for idLqtlfication of potential  hazards. 

6.  Bazards requiring +ea or more failures w i l l  not be considered. .- 
7, Unless stated i n  the hazard analysis, e d p m e n t  is  presumed to be operatiag . 

per specir'isatitii. 

1 
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C '  i I 

ORGANIZATION OF THE REPORT 

The first section of the report is a description o f  the Individual 
subsystem. These are very brief descriptions and they are intended t o  
provide sufficient technical infomation so t h a t  the subsequent safety data 
and discussions are understandable to  the reader who may not be familiar 
w i t h  the particular system. 

The second section discusses safety features which are i n  the particular 
system. A discussion of the safeguards i n  the system is necessary t o  indicate 
the rationale of why particular potential hazards were not documented i n  
the hazard analysis section. Pn additional feature o f  this section 1s to 
provide some general information on the Generic Hazard Groups derived from 
NHB 5300.4 for the specific subsystems. T h i s  data  should be useful i n  terms 
of provi di ng addi  tonal v i  s i  b i  1 i ty and rationale i nvol ved i n  the hazard 
analysis selection process. 

The t h i r d  section is  a summary of the i n d i v i d u a l  hazard analyses. A discussion 
f s  given t o  the sen, j.e., t w m k  sr residua? hzrards d i c h  have n o t  been 
closed o u t  as o f  the date of this report. The current s t a t u s  aiid rmli i i fon . 
plans for these open potential hazards is also briefly discussed. Three 
tables are also included i n  this siti;-ilary section. Table I l ists  the number of 
HA's which have been Generated for the i n d i v i d u a l  hazard groups (Fire, 
Collision, etc.) for each of the subsystems. 
the HA's i n  the p a r t i c u l a r  volume. T h i s  l i s t  includes an identification 
number so t h a t  the reader can locate a particular potential hazard i n  the HA 
sectic:: c f  t h e  dcc~f ient .  Th!s l i s t  a!se provides a descriptive t i t l e  and 
current status for the i n d i v i d u a l  potential hazards. I t  should be noted that a 
Catastrophic hazard i s  one i n  which no time exists t o  correct the problem. 
whereas i n  a Critical hazard situation time for corrective action i s  available. 
Table I11 is  a Mission Phase Lis t ing  o f  the HA'S. 

The l a s t  sectSon of the report contains the i n d i v i d u a l  HA's which are arranged 
alpha-numerically by the identification numbers previously mentioned. T h i s  
k ind  of l is t ing results i n  t h e  HA's being grouped by subsystem. Subsystem 
identifiers are also included on the top o f  the sheets t o  ass i s t  i n  locating 
specific items. 

Table 11 i s  a tabula t ion  of a l l  

. .  
- . . .  . .  . .  

. .  . 
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SUBSYSTEM DESCRIPTIONS 
1 

- . FUSELAGE STRUCTURE 

Tho F.ce!;rge Str.r,tnro cnns!sts cf the f !s lc#!h~ has!c fl)st!t- - - I  

Forward Fuselage - .  
Aft Fuselage 1 

Payload Bay Doors . .  

Y' : J assemblies: 

! M i  d-Fusel age 

* -  -. 
Forward Fuselage Structure. The forward fuselage structure subsystem 1s 
divided i n t o  two major assemblies: 
( 2 )  the lower forward fuselage. The lower forward fuselage supports the 
crew module and the nose l a n d i n g  gear. Penetrations are provided for 
windows and hatch openings which match those i n  the crew module. 

Mid-Fuselaae Structure. The mid-fuselage structure includes the wing 
carry-thru box and the forward por t ion  of the wing glove. 

(1) the upper forward fuselage; and 

Aft Fuselage Structure. The a f t  fuselage structure consists of a11 
structure between and includina the 1307 bulkhead web front face and 

I 

the base h e a t  s:lield and body f l a o  of the Orbiter. 

Payload Bay Doors Structure. The torsional payload bay doors are designed 
around the cargo payload requirements using an envelope 15 feet i n  diameter 
and 60 feet long ,  They are hinged t o  f i t t ings mounted on the si11 longerons 
of the mid-fuselage and are. sp l i t  along-_th~-upper-ce~terling of the vehicle. 
The doors are also sp l i t  i n t o  five (5) sements Per.side.along circumferential expansion joints. 
CREW MODULE 

The crew module provides the habitable environment for the crew members. 
The module pressure is maintained a t  14.7 PSIA to provide a sh i r t  sleeve 
environment. The support structure provides for the equipment installations 
of the crew d u t v  and rest  stations, food preparation and hygiene fac i l i t i es ,  
the avionics equipment, the orbiter controls and displays equipment, the 
ECLSS subsystem and other subsystems as required. Crew vision i s  provided 
by the windows. The crew module consists 0 f . a  completely welded pressure 
vessel w i t h  limited obenings or penetrations for windows, hatches, hard l ines,  
and wires, Normal ingress/egress is accomplished through the l e f t  side 
outward opening hatch. Emergency egress is t h r o u g h  the side hatch as the 
orimarv escape route or through two ejectable panels above the pilot seats as 
a secondary escape route. These Panels are also used i n  conjunction w i t h  
the ejection seat system for i n - f l i g h t  escape. 

5 

WING STRUCTURE . .  v 

The wing subsystem is an aerodvnamic l i f t i n g  surface t h a t  provides 
conventional aerodynamic l i f t  and control for  the Orbiter vehicle. The 
wing consists o f  the following: 



Forward Winq Box. The forward wing box is an extension of the main 
mt aerodynariiically blends the wing  leading edge into the fuselage, 

Main Winq Box. The main  wing box structure transfers the wing aerodynamic 
loads  to the fuselage, 
stowage of the main l a n d i n g  gear, and a main landing gear door. 

Elevons. The elevons provide f l i g h t  control and extend from the fuselage 
-wing t i p .  The elevons are divided into two segments, each supported 
by three hinges. Attachments for  the f l i g h t  controls system are provided 
a1 ng he forward extremity of the elevon surfaces, and a f t  extremity o f  the 

VERTICAL TAIL STRUCTURE 

In addition, the main wing box provides for the 

ma P t  n w ng box. 

The vertical t a i l  structural subsystem consists of the vertical f i n  surface, 
the rudderlspeed brake control surfaces, and the conical seal. This 
structural assembly i s  bolted t o  the a f t  fuselage and provides vehicle 
aerodynamic s t a b i l i t y  and control dur ing  re-entr.v, a n d , l a n d i n g .  Wi th in  the' 
strticttire are the rudder/speed brake actuatim system, the thermal control 
systeri, tiydraiilic lines, and the electrical subsystem. 

Vertical F i n .  The vertical fin consists of machined skins with-tegral 

a torque box for primary loads. Doors are provided for rudder/speed brake 
power drive u n i t  ins ta l la t ion .  

Rudder and  Swed Brake, The rudder/sDeed brake control surface consists 
o f  honeycomb panels w i t h  ribs and spars for the primary load carrying 
members, and i s  attached th rough  r o t a t i n g  hinge points t o  the structural 
f i n .  
which is located between the ruddw/speeb brake ax6 f i n ,  

PURGE, VENT AND DRAIN (PV&D) SUBSYSTEM 

I rib and srringei- ,:~DS ~jt t ;  r;'b ;=L;; 2nd *\m c w v  :a.uczi e---- a . I I I P ~ I I I ~  --L*-- - -- - 

Access to the rotatina a c t u a t i o n  system i s  through the conical seal 

The PV&D subsystem consists of the following five separate systems: 

Purge - The purge system distributes ground-supplied conditioned a i r  o r  
nitrogen to  a l l  required Orbiter compartments for thermal, moisture, and 
hazards control, d u r i n g  pre-launch and postlanding mission phases. 

.- Vent - The vent system maintains Orbiter compartment pressures a t  a level 
consistent w i t h  vehicle structural strength by providing adequately sized 
ports for ascent deoressurization and descent repressurization. The ports 
also provide for on-orbit  molecular venting which increases the efficiency 
of the thermal control insulation. 

Drain - fhe d r a i n  svstem minimizes the accumulating of water w i t h i n  
Orbiter compartments by either ducting the water directly overboard through 
open ports (passive drain s,vstem) or by utilizing an on-board duct network 
coupled to a GSE vacuum pump (active drain system), 

1 

Window Cavi ty  C o n d i t i o n i n g  System ( \ K C S )  - The WCCS maintains Orblter 
windows free o f  fog, frost ,  volatile condensible material (VCM) and 
particulate contamination, by preventing the ingress of moisture, VCM, . - 
and particulates into the window cavities. The WCCS consists o f  a ground purge - 
system f o r  pre-launch environmental conditioning of the wlndow cavl t ies and 
a vent system wnicn maintains  windm cavtiy p~e;;ijres a t  B ?eve? cons!stent 

5 
w i t h  the glass structural strength. 
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Hazardous Gas Detection Svstem (HGDS) - The HGDS monitors the concen- 
t r a t ion  of uoten t ia l lv  hazardous oases i n  sDecific shuttle compartments 

. .  
. .  

- \ f  

J by monitoring the purge effluent irom those' compartments dur ing  purge 

MERMAL PROTECTION SUBSYSTEM (TPS) < .  

. -  operations and by inserting portable sensors dur ing  non-purge operations 

-- I 

. .  i 
- 

The TPS is defined as materials applied externally to the primary structure 
of the Orbiter for the nurpose of maintaining the airframe outer s k i n  
temperature w i t h i n  acceptable limits. The TPS consists of ceramic t i l e r ,  f e l t  
insulation, leading edge structural subsystem, thermal windows and 
thermal barriers. s 

- 

- Tiles. Two types of s i l ica  t i l es  arc used which differ basically only 
i n  coating, color, size and operating temperature range. 

High-Temoerature Reusable Surface- Insulation [HRSI),_ -Th_e_basic-gile IS , 
6 X 6 inches, black i n  color and desianed for areas in-which-max- 
temperatures range between 1200F and 2300F. 

Low-Temperature Reusable Surface Insulation (LRSI) . The basic t i l e  I S  
8 X 8 inches, diffused white color and designed for areas i n  which 
maximum temperatures range between 750F and 1200F. 

Felt Reusable Surface Insulation (FRSI). The base material is nomex f e l t  
coated w i t h  a'silicone material and is used i n  areas where surface 
temperatures do no t  exceed 75OF. 

Leadina Edqe Structural . The LESS is t h a t  port ion of 
the TPS operating a t  temperature i n  excess of 
2300F. The 1 eadi ng edge structure provides the aerodynamic mol d l  i ne 
for the Orbiter nose and wing leading edge, and i s  mechanically attached 
t o  the  fuselage and the w i n g  primary structures. I t  is composed of 
Reinforced Carbon-Carbon (9CC) which i s  an ox ida t ion  inhibited, reinforced 
pyrolyzed plastic. I t  serves t o  protect the structure from direct contact 
w i t h  the h i g h  temperatures i n  the leading edge areas.- The RCC 1s - -  not  an 
insulator per se, and poJection of the structure js provi-dedlbLH.RS1 :: 
located behl nd t h F R c C .  

Thermal Windows. The TPS includes on lv  the thermal windows consisting 
o f  the outer window panes of the windshields, overhead windows and side 
hatch window, The  inner/middle pane assemblies are considered par t  of 
the crew module structure. The thermal panes are made of fused s i l f c a t  
and their main funct ion is to protect the inner pressure pane assemblies 
from re-entry heating, thereby insuring pressure integrity for a Safe 
crew environment. 

L--- 

. 

Thermal Seals. Three categories of seals are included i n  the definltion Of 
TPS: thermal barriers, environmental seals, and aerosurface seals. 

Thermal Barriers. Thermal barriers i n h i b i t  the hot gas- Inflow_ _and 
provide thermal protection for local structure and pressure seals 
for the gap excursions occurring dur ing  thermal/mechanical Structural 
deflections (c.9.. l and ing  gear doors, payload bay doors., thermal windows , 
RCC/RSI interfaces, vertical t a i l  and fuselage junctlons) . 

-- I 

Environmental Seals. Environmental seals are those seals which provide a 
pressure seal and deter contamination. Only the payload bay envfronmental 
seal I s  included I n  the TPS, ,- --_ 

la.- _ _  6 

. -  



- <. c -  *. - 

Aerosurf ace Seals . Aerosurface seals are those seals which mal ntain 
the primary structure, component structural envelope and actuation, 
and a l l  equipment and hardware w i t h i n  the aerodynamic surface control 
areas, a t  operable temperature levels, and prevent h igh  pressure/lon 
Pressure flow thmugh the joint for aero/thermodynamic effectiveness, 

THERMAL CONTROL SUBSYSTEM 

The Thermal Control Subsystem (TCS) is used i n  conjunction w i t h  the 
Thermal Protection Subsystem (TPS) to maf ntai n Orbiter components 
w i t h i n  their  allowable temperature limits. The TCS i s  a passive 
system, us ing  insulat ina materials, optical coatings, electrical 
heaters, heat sinks and thermal isolators to increase or decrease 
temperatures, as necessary, t o  meet the prescribed limits. 

Insulating Blankets. Two basic type insulation blankets are used 
throughout  the Orbiter: multilayer insulation (MLI) and fibrous bulk 
inslzlatior! ( F S I )  Thicknesses of the blankets are varied throughout 
the vehf cl e to  meet local ized requirements . 
Multilayer Insulation. The MLI is  a h igh  temperature multilayered 
insul;t.:c2:: system, c ~ ~ i s + l i n q  nf 8 perfarated ref le t tars  iriade from 
30-gage, double-goldized kapton,  and separated by 9 layers o f  B4A dacron 
net. The multilayers are enclosed by a 50-gage outer layer of double- 
go1 d i  zed reinforced kapton. I t wei ghs approximately .O9 psf. 

Fiberous B u l k  Insulation.. The FBI consists o f  silicone-impregnated 
glass fiber b a t t ,  enclosed by a 50-gage quterlayerpf_do~bl_e-.go~dized . I 

reinforced - - _kapton,--he material Ldensjty is 2 kef. 
i 

.. . 
, .  
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S F M Y  FEATURES 

9 

-. 
GENERAL 1 

-- I 
This section presents the results of the hazard analysis performed on 
the Structures System. The hazard groups identified in Desk 
Instruction 400-1 were complied with to arrange the material in this 
section of the Safety Analysis Report. Each paragraph identifies the 
hazard group and the subparagraph depict the potential hazard along 
with the corrective measures in which design or operation will eliminate 
or control the potential hazard. 

9 

FUSELAGE STRUCTURE 

Loss of Flight Control 

The hazard group relates primarily to basic structural failures. 
elimination of this potential failure is predicated on compliance with 
specification design requireaents and static testing. 

The 

Fire/Explosion 

This hazard group identifies failure, during crash landings, of attach 
fittings of tanks containing flammable fluids resulting in fluid spillage 
and potential fire. 
required VEI specification crash load factors in the design of'these 
fittings . 

This hazard is reduced by the application of the 

CREW MODULE STRUCTURE 

Impact /a 1.1 is ion 

This hazard assumes failure of supporting structure to which an emergency 
egress device would be anchored. The sequences to this accident would be 
injury to egressing personnel from the ensuing fall. 
be eliminated on the basis of VEI specification requirements for considering 
ultimate combined loadings in the design of all structures, 

This hazard should 

WING STRUCrZmE 

. Loss of Flight Control 
Tkis hazard relates primarily to basic structural failure. 
of this potential failure is predicated on compliance with specification 
design requirements and static testing. 

VERTICAL TAIL STRU- 

The elimination 

' 

Loss of Flight Control 

This hazard relates primarily to basic structural failure. 
of this potential failure is predicated on compliance with specification 
design requirements and static testing. 

The elimination 

a S D? 7 -S H - 0 0 0 1  - 0 2  



PURGE, VENT AND DRAIN 

Unsafe Environment 

Entrapped fluids within the vehicle structure cans in the course of the, 
result in structural degradation as a result of the corrosive effects of 
fluids which may be in continuous contact with the structure. 
OVlOl and OV102 flight tests, final verification will be made to 
determine the effectiveness of the design and of any detrimental effects 
that could be caused by any undrainable residual fluids. 

During 

Loss of Flight Control 

Inadequate venting of structural compartments could cause primary 
structural failure with resultant loss of flight control, 
failures would be caused by excessive delta pressures diirixq fliglxt 
ascents or descents, 
to insure delta pressures w i l l  remain within normal limits. 

These 

Present design has provided sufficient vent area 

T H E W  PROTECTION SUBSYSTEM ' 

The TPS Development Testing Program is continuing and the results from 
this testing will be used to verify TPS design. 

I .  

_ . .  . .  
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This  volume of t h e  Safety Analys is  Report addresses t h e  OV-102 S h u t t l e  
Orbi te r ,  Ver t ica l  Fligll t  Configuration, S t r u c t u r e s  System. Twenty-nine 
HAQs have been i d e n t i f i e d  i n  t h e  s t r u c t u r e s  area. The hazard ana lys i s  
w a s  performed in p a r a l l e l  with design d e f i n i t i o n  and many of these 
hazards were iden t i f i ed  from informatinn I= z q o r t s  such as the 
Accident/Incident Data Bank and t h e  JSC 00134 Space F l i g h t  Hazard 
Catalog t h a t  was ava i l ab le  from previous programs. I n  m o s t  cases 
t h e  i n i t i a l  design incorporated t h e  s a f e t y  f e a t u r e s  t o  e l imina te  or 
cont ro l  these  h x a r d s ,  and the Safety Analysis Report l i s t i n g  w a s  
used as a method t o  check t h a t  t h e  safety features were incorporated 
i n  t h e  design. 
hazard category for each s t r u c t u r e s  group. 
the hazards iden t i f i ed ,  by s t r u c t u r e s  subsystem, and t h e i r  d i spos i t ion .  
Table I11 is a mission phase breakdown of the  HA'S. Of the  twenty-nine 
hazards iden t i f i ed ,  twenty-two of these are closed and seven are open, 
s i x  of which a re  i n  an in-work - -  s t a t u s  and one i s  a r e s idua l  - -  hazard. 

. 

Table I is  a summary of t h e  number of hazards i n  each 
T a b l e  I1 lists each of 

I 

: .  
I 

. .  1 ' '  
i 1 

_ - -  

.Hazard lZXX-0101-4A, **Crash Induced Egress Door Jamming", involves  
p o t e n t i a l  s t r u c t u r a l  deformation due t o  a crash landing that can 
prevent opening of t he  s i d e  hatch and overhead e j e c t i o n  panels for 
emergency egress due t o  indeterminate s t r u c t u r a l  effects. 
t h i s  hazard is residual,  a study-part of blCR 960, Rev. 2, is being 
conducted f o r  OV103 and subs with an OVlOl and OV102 retrofit 
e f f ec t iv i ty .  
be taken i n  tha t  rescue personnel, f i re  f i g h t i n g  equipment and rescue 

Although 

Precautions associated with t h i s  p o t e n t i a l  hazard w i l l  

equipment w i l l  be ava i l ab le  a t  planned landing sites. -_ - -.- - 

1 - .. 
I 

-. . . 
- i 

- -- -- - ___- ---- -- _ _  In-Work - 
- .- - --- 1W-0101-06, "Star Tracker Door F a i l s  t o  Close", w a s  o r i g i n a l l y -  --- . 

resolved by a design rev is ion  per  MU? 1757 which provided for 
ind iv idua l  fail-safe door design. However, an add i t iona l  requirement 
for re-entry capabi l i ty  with a door f a i l e d  open w a s  mutually agreed 
upon between JSC/EW and RI/SD (Reference: sa fe ty  concern no. 0-11~.- 
R I  is t o  conduct addi t iona l  thermal s t u d i e s  t o  determine how-this ~ 

ob jec t ive  can be m e t .  

Hazard 1ZXX-0102-01, "Injury from Sharp Edges, Corners, and Protrusions",  
addresses contact i n j u r i e s  t o  personnel during t h e  course of movement 
wi th in  t h e  crew module. 
missions under zero "G" conditions.  
continuing inspection of the  mock-up through t h e  f l i g h t  article, to  

Hazard 1VXX-0102-02, "Delta Pressure  h a d s  on F l i g h t  Deck Floor Causing 
S t r u c t u r a l  Deflections and Misalignment of Ejec t ion  Sea t  Rails During 
Seat Ejection", is cur ren t ly  being inves t iga t ed  as par t  of a rapid 
decompression e f f e c t s  study per MCR 1964. 

-. - 
- - -  -- - - -- 

This p o t e n t i a l  hazard is s i g n i f i c a n t  to  orbital 
The HA remains in-work t o  allow 

! 

ensure el iminat ion of p o t e n t i a l  hazards from these  sources. 1 

. J  .. 
1 

L ... 



Hazards 1yxX-O1O€- lA ,  ttL.oss of ,Tile", lYXX-Gl06-02, "Thermal Seal 
Failurevv, and 1W-0106-03, "Tile Incompatibility with Orbiter 
Fluidstv, are remzining open due to continuax-ce of testing and 
development in t h i s  area. 
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1 '  i !  

I 

I i 

i 'I 
H9m ' 

HCW ?AMBER GI(DUP I PrnLEN DESCRIPrIQ. 

1 ZXX-0101-01-1A FF Fwd Fus St ruc tu re  F a i l u r e  X I  i 

:I ! 
1 ZXX-0101-3A FF T a i l  Cone F i t t i n g  F a i l u r e  , X I  f 

I:I 1 

1 

FUSEL AGE 1 1 

I 
1ZXX-0101-01-2A . FF Mid Fus S t ruc tu re  F a i l u r e  
1ZXX-0101-01-3A FF A f t  Fus St ruc tu re  F a i l u r e  
lYXX-0101-01-4A - FF Payload Doors F a i l  t o  Close 
1ZXX-0101-2A FF Tai 1 Cone Separation, Captfve F1 i g h t  

1ZXX-0101-4A AA Crash Induced Egress Door Jamming X 
1Yxx-0101-05-01 cc Fwd Fus Tanks A t t .  F i t t i n g  Fa i l .  
i .-.... 7k'Y-o'i~l-$5-3A CC 
1 ZXX-0101-05-3A I cc A f t  Fus Tank At'c.  F i t t i f i g  Fa;: 
1YXX-0101-06 cc S t a r  Tracker Door F a i l s  t o  Close X 
iYXX-0101-7A XX T-0 ?!bflica! Doors Fail t o  Close X 
1 YXX-0101-8A FF ET/Orb Umbi l ica l  Door F a i l  
1zxx-0101-09 BB Crew Module Collapse During E j e c t i o n  

CREW MODULE STRUCTURE 
1ZXX-0!02-0! Sham Edges e Corners e Protrus ions X 
1vxx-0102-02 
1 ZXX-0102- 3A 
1Y xx-0102-04 - 

- WING STRUCTURE 
.1 EXX-010 3- 1 A 

VERTICAL TAIL STRUCTU 

Hid-B~dy P/L A t t .  F i t t i n g  Fail. ! ! . ...I 

;_i 1 
x i  I 

i x i  i 
I 

i 
F1 oor De f lec t i on  During E j e c t i o n  
Egress Device I n s t l .  F a i l  ure 
Debris Obstruct ion of Controls (1 :! 

i 1x1 

r 

St ruc tu ra l  F a i l u r e  X 

& I I '  
FF- S t r u c t u r a l  F a i l u r e  

DD Corrosion due t o  Inadequate Drainage 
FF Struct .  F a i l  ure From Del ta  Pressures 

Loss of Thermal Window Panes 

I I 
E . I  

i' 
1 ZXX-0104-1A 

PURGE, VENT AND DRAIN SUBSYSlElJ 
1ZXX-0105- 1B 
1 ZXX-0105-2B 
1 YXX-0105-3A . DD 
1 Y XX-0105-4A DD Loss o f  Cabin Pres Thru Vent L ines !x 
1 Y XX-0105-5A cc Act ive Vent Doors F a i l  t o  Close 

THERMAL PROTECTION SYSTEM-' 

X 
1 Y XX-0106-1A cc Loss of T i l e  
1 YXX-0106-02 FF Thermal B a r r i e r  F a i l u r e  
1 Y XX-OiO6-03 cc T i l e  I n c o m p a t i b i l i t y  with O r b i t e r ' F l u i d s  X 

THERMAL CONTROL SY STEP 
lYXX-0107-1A ~~ cc Entrapment o f  Combustible Flulds 

I 

1 

- I  

1. 

i -  
! 

2 3 1  
= i  ' i  . . 

13 



TABLE I11 
HAZARD ANALYSIS MISSION PHASE LISTINC 

SUBSYSTEM GROUP : STRUCTURES 

HAZARD NUMBER PROBLEM DESCRIPTION 

PRELAUNCH 
T7xmim-01 
1zxx-0102-3A . 
1 ZXX-0105-1 B 
1Y XX-0106-03 
1YXX-0107-1A 

LIFT OFF THRU ORBIT 
1ZXX-0101-01-1A 
1 ZXX-0101-01-2A 
1 zxx-0101-01- 34 
1Yxx-0101-05-01 
1 ZXX-0101-05-2A 
lZXX-0101-05-3A 
1YXX-0101-06 
1YXX-0101-7A 
1 Y xx-0 1 0 1 - 8A 
1zxx-0101-09 
1zxx-0102-01 
1 vxx-0102-02 
1ZXX-0103-1A 
1ZXX-0104-1A 
1 ZXX-0105-1 B 
1 ZXX-0105-28 
1 Y XX-0105-3A 
1 Y XX- 01 0 5-4A 
1 Y XX-0106-03 
1Y XX-0107-1A 

Sharp Edges, Corners Protrusions . 
Egress Device Instl Fai lure  
Corrosion from Inadequate Drainage 
Incompati bi 1Y t y  w i t h  Orbiter fl uids 
Entrapment of Combustible f l u i d s  

Fkd Fus Structure Fai lure  
Mid Fus Structure  Fai lure  
Aft Fus Structure Fai lure  
Fwd Fus Tanks A t t  Ftg Failure 
Mid Body P/L A t t  Ftg Fai lure  
Aft Fus Tanks A t t  Ftg Fai lure  
S ta r  Tracker Door Fa i l s  Open 
T-0 Umbilical Door Fa i l s  Open 
ET/Orb Umbilical Door f a i l u r e  
Crew Mod. Collapse During Eject 
Sharp Edges, Corners, Protrusions 
f loor  Deflection During Ejection 
Structural Fai 1 ure 
Structural Fai lure  
Corrosion from Inadequate Drainage 
S t ruc t  Fail from Delta Pressures 
Loss of Thermal Window Panes 
Cabin Pressure Loss Thru  Vent Lines 
Incornpati bi 1 i t y  w i t h  Orbiter F1 uids 
Entrapment of Combustible fl u i Q  

. .  
-. - .. 

. .  

ON ORBIT 
1 Y XX-0101-06 S t a r  Tracker Door Fa i l s  Open 
1 zxx-0102- 01 Sharp Edges, Comers, Protrusions 
IZXX-0105- 1B Corrosion from Inadequate Drainage 
1 Y XX-0105-3A Loss of  Thermal Window Panes 
1 YXX-0105-4A Cabin Pressure Loss f h r u  Vent Llnes 
1YXX-3105-5A Active Vent Doors Fai l  Open 



I 

TABLE 111 

HAZARD ANALYSIS MISSION PHASE LISTING 

SUBSYSTEM GROUP: STRUCTURES 

HAZARD NUMBER PROBLEM DESCRIPTION 

DE-ORB IT 
1ZXX-0101 
1 zxx-0101 
1 zxx-0101 
1YXX-0101 
1 zxx-0101 
1 Y xx-01 01 
1 zxx-0101 
1 nx-0101 

THRU LANDING 
-01-1A 
-01 -2A 
-01 - 3A 
-01-4A , 

-4A 
-05-01 
-05-2A 
-05-3A 

1YXX-0101-06 
: L,I,#I,- lvl : tu' : -I$= 

1zxx-0102-01 
1 vxx-0102-02 
1 zxx-0102-3 
1YXX-0102-04 
1ZXX-0103-1A 
1 ZXX-0104-1A 
1ZXX-0105-1B 
1 ZXX-0105-2B 
1 YXX-0105-4A 
1 Y XX-010 5-5A 
1 Y XX-0106-1 A 
1 Y XX-0106-02 
1YXX-0106-03 
1 Y XX-0107-1 A 

.- .... 1.1. C L I  

Fwd Fus Structure Fallure 
Mid Fus Structure Failure 
Aft Fus Structure Failure 
P/L Doors Fail t o  Close 
Crash Induced Egress Door Jamnfng 
Fwc! F~ls Tanks Att Ftg Failure 
R i d  Body P/L A t t  Ftg Failure 
Aft Fus Tanks A t t  F tg  Failure 
S ta r  Tracker Door Fails Open 

Sharp Edges, Comers e Protrusf ons 
Floor Deflection During Ejection 
Egress Device Instl Failure 
Debris Obstruction o f  Controls 
Structural Failure . 
Structural Failure 
Corrosion from Inadequate Drainage 
Striict Fai l  f'ioiii % I t a  Pressure 
Cabin Pressure Loss t h r u  Vent Lfnes 
Active Vent Doors Fail Open 
Loss of Tile 
Thermal Barrier Failum 
Incompati b i  15 ty  w i t h  Orbi t e r  F1 uids 
Entrapment o f  Combustible Flulds 

C7e.Y; !tad CGllapse Dur!ng f i e&  

I f .  
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